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@ High temporoture solid electrolyta electrochemical colfo. 

@ High temperature, solid electrolyte eletrochemical cell (12) 
has first (29) and second electrodes with solid electrolyte (30) 
between them, where the electrolyte is formed by hot chemical 
vapor deposition, where a solid, interiayer material (28), which is 
eiectricaify conductive, oxygen permeable, and protective of 
electrode material from hot metal halide vapor attack, is placed 
between the first electrode and the electrolyte, to protect the first 
electrode from the hot metal halide vapors during vapor deposi- 
tion. 
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HIGH TEMPERATURE SOLID ELECTROLYTE 
ELECTROCHEMICAL CELLS 

This invention relates to high temperature solid 
electrolyte electrochemical cells . 

High temperature fuel cell generators employing 
interconnected, tubular fuel cells, with solid electro- 
5 lytes, are disclosed in U.S. Patent Specification 4,395,468 
(Isenberg). Fuel electrode, air electrode, solid electro- 
lyte and interconnection configurations for individual fuel 
cells, are disclosed in U.S. Patent Application Serial No. 
323,541 (Isenberg), filed on November 20, 1981. Usually, a 

10 porous support tube of calcia stabilized zirconia, approxi- 
mately 1 millimeter to 2 millimeters thick, has an air 
electrode deposited on it. The air electrode is from about 
50 microns to 1000 microns thick (0,05 millimeter to 1 
millimeter) and may be made of, for example, LaMnO^, 

15 CaMnO^, LaNiO^/ LaCoO^/ LaCrO^/ etc. Surrounding the outer 
periphery of the air electrode is a layer of gas-tight 
solid electrolyte, usually yttria stabilized zirconia, 
approximately 1 micron to 100 micrgns (0.001 millimeter to 
0.1 millimeter), thick. A selected radial segment of th^ 

20 air electrode is covered by an interconnect material. The 
interconnect material may be made of a doped lanthanum 
chromite film, of apprioximately 50 microns (0.05 millime- 
ter) thickness. The lanthanum chromite is doped with 
calcium, strontium, or magnesium. 

25 Both the electrolyte and interconnect material 

are applied on top of the air electrode by a modified 
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chemical vapor deposition process, employing the use of 
vaporized halides of zirconium or yttrium for the electro- 
lyte, or of calcium, magnesium, lanthanum, or the like, for 
the interconnect material, at temperatures of up to 1450*^C. 
Such halide vapors can interact with and degrade the air 
electrode material during the initial period of electrolyte 
and interconnect application. This causes, in some in- 
stances, air electrode leaching of dopants, such as stron- 
tium, or leaching .of main constituents, such as lanthanum 
or manganese. Such leaching causes a resultant, deleteri- 
ous alteration of electrical, chemical, and mechanical 
properties of the air electrode, due to substantial modifi- 
cation at the electrolyte interface. Additionally, even 
after electrolyte application, there may be long term 
diffusion of manganese from the air electrode into the 
electrolyte during operation of the electrochemical cell. 
There is a need then for some means to protect the air 
electrode from highly reactive chlorine or other halide 
vapors during deposition of the electrolyte and intercon- 
nect layers, and over the long term operations of the cell. 

Accordingly, the present invention resides in a 
high temperature, solid electrolyte electrochemical cell 
having two electrodes with solid electrolyte therebetween, 
where the electrolyte is formed by metal halide vapor 
deposition at temperatures over 1000°C, and said hot metal 
halide vapors are capable of degrading the electrod 
materials, characterized in that a solid, oxide interlayer 
material, which is electrically conductive and oxygen 
permeable, is disposed between at least one of the elec- 
trodes and the electrolyte, to protect the electrode from, 
degradation by the hot *'metal halide vapors. 

The invention also includes a method of making a 
high temperature, solid . electrolyte electrochemioal cell 
characterized ^"y ;appiby^ng a first electrode, which is 
subject to degradation by hot metal halide vapors, to a 
porous support, applying an electrically conductive, oxygen 
permeable interlayer material on the first electrode, to 
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protect the first electrode from degradation by hot metal 
halide vapors, contacting the interlayer material with hot 
metal halide vapors, co form a metal oxide solid electro- 
lyte layer over the interlayer material,, and applying a 
5 second electrode over the solid electrolyte. 

Further according to the invention is a doped 
yttrium chromite composition characterized in that said 
composition consists of a chromite having the chemical 

formula Y- Ca Cr., Co , where x = 0.005 to 0.5 and 
X X X JL " y y -J 

10 y = 0.005 to 0.5, a chromite having the chemical formula 
YCr^ Co where x = 0.005 to 0.5 and y = 0.005 to 0.5. 

The above problems have thus been countered, most 
generally, by providing a novel doped yttrium chromite, as 
an interlayer which is electrically conductive, permeable 

15 to oxygen and protective of electrode material, disposed 
between the electrode and the electrolyte, where, prefer- 
ably, the layers have an annular structure. More specif- 
ically, there is provided an oxide interlayer, on top of 
the air electrode, which will minimize the degrading of the 

20 air electrode from hot halide vapors, and reduce long term 
metal diffusion from electrode material. This interlayer, 
preferably, gives a good thermal expansion match between 
itself and the air electrode, electrolyte and interconnect 
material. It can be sintered onto the air electrode at 

25 temperatures at or below vapor deposition temperatures for 
the electrolyte or interconnect i.e., lOOO^C to 1600°C, and 
has good electrical conductivity and oxygen permeability. 
The most preferred material meeting all of these very 
restricting properties is yttrium chromite doped with both 

30. calcium . and cobalt, which . has the chemical formula: 

Ca Cr-_ Co 0«, where x = from 0.005 to 0.5 and y = from 
■X — X j\ JL — y y^ o 

0,005 to 0.5. 

This conductive, oxygen permeable, electrode 
protective interlayer can be disposed on top of an air 
35 electrode in flat or tubular fuel cells at a thickness of 
from 0.001 millimeter (1 micron) to 1 millimeter. This 
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interlayer can be applied to the air electrode by any of a 
variety of techniques. 

In order that the invention can be more clearly 
understood, convenient embodiments thereof will now be 
described, by way of example, with reference to the accom- 
panying drawings in which: 

Fig. 1 is an isomeric section view of a singular 
tubular type fuel cell showing the interlayer on top of the 
air electrode; and 

Fig. 2 is a section view through two adjacent 
fuel cells. 

As shown in U.S. Patent 4,395,568, a fuel cell 
arrangement or stack can comprise a plurality of elongated 
annular fuel cells. Each fuel cell is preferably tubular 
and is electrically connected at least in series to an 
adjacent cell. The electrical connection is made along a 
selected axial length of the cells, preferably the entire 
electrochemically active length. Each cell generates an 
open circuit voltage of approximately one volt, and multi- 
ple cells can be connected in series in order to provide a 
desired system voltage. 

Referring to Fig. 1, a gaseous fuel, such as 
hydrogen or carbon monoxide, is directed axially over the 
outside of the cell 12, as indicated by the arrow 24, and 
an oxidant, such as air, or indicated by the arrow 22, 
flows through the inside of the cell. It will be recog- 
nized that the location of the reactant fuel and oxidsuit 
can be interchanged such that air, or flows about the 

cells and fuel flows within the cells. This, requires the 
reversal of the cell electrodes.. Where the cell is as 
shown, oxygen molecules pass through support and air 
electrode and are changed to oxygen ions which pass through 
the electrolyte to combine with fuel at the fuel electrode. 
It should be noted that the following description of the 
prepared tubular configuration should not be considered 
limiting. It should also be noted that the interlayer of 
this invention could be applied to electrochemical cells 
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other than fuel cells, such as oxygen sensors, combustion 
sensors, electrolysis cells, and the like. The term "air 
electrode" as used throughout means that electrode which 
will be in contact with oxidant, and "fuel" electrode means 
5 that electrode that will be in contact with fuel. 

Each cell 12 includes a porous support tube 25 
which provides structural integrity to the cell. In an 
exemplary cell 12, the support tube is comprised of calcia 
stabilized zirconia, forming a porous wall approximately 

10 one to two millimeters thick. Surrounding the outer 
periphery of the support tube 26 is a thin film porous air 
electrode, or cathode 27. The exemplary system cathode 27 
is a composite oxide structure approximately 50 microns to 
1000 microns (0.05 millimeter to 1 millimeter) thick, which 

15 is deposited onto the support tube through well-known 
techniques. The air cathode is, for example, comprised of 
doped and undoped oxides or mixtures of oxides, such as 
LaMnO^, CaMnO^ , LaNiO^, LaCoO^, LaCrO^ , doped indium oxide, 
In^O^, various noble metals, and other electronically 

20 conducting mixed oxides generally composed of rare earth 
oxides mixed with oxides of cobalt, nickel, copper, iron, 
chromium and manganese, and combinations of such oxides. 
Preferred dopants are strontium, calcium, cobalt, nickel, 
iron, and tin. 

25 The halide vapor protective, doped yttrium 

chromite composition, used as the interlayer of this 
invention is shown as layer 28 disposed adjacent to and on 
top of electrode layer 27, forming an interlayer between 
electrode 27 and solid electrolyte 30, and interconnection 

3.0 material 34. The most preferred interlayer is a calcium 
and cobalt doped yttrium chromite film, having a preferred 
thickness of from 0.001 millimeter (1 micron) to 1 milli- 
meter. This interlayer can be applied to the air electrode 
by any of a variety of techniques, such as slurry spraying, 

35 dipping, painting, etc. and then sintering, or by plasma- 
flame-spraying, or physical or chemical vapor deposition. 
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The preferred double doped yttrium chromite material has 
the chemical formula: 

where x = from 0.005 to 0.5, preferably from 0.05 to 0.2, 
5 and y = from 0.005 to 0.5, y preferably being = from 0.05 
to 0.3. In this particular preferred protective inter- 
layer, both calcitim and cobalt are present. 

Yttrium chromite without any doping elements, 
while not very reactive with halide vapors at high tempera- 

10 tures, is not a particularly good electrical conductor, and 
has relatively undesirable thermal expansion properties. 
Calcium doped yttrium chromite is a useful protective 
interlayer material, having fairly good halide vapor 
protective properties, oxygen permeability and electrical 

15 conductivity. However, calcium doped yttrium chromite 
still has a thermal expansion coefficient lower than that 
preferred to match the electrolyte, air electrode, and 
support tube. Also adequate sintering of calcium doped 
yttrium chromite, required during fabrication, is difficult 

20 at useful, preferred, fabrication temperatures. Cobalt 
doped yttrium chromite is also a useful protective inter- 
layer material, having fairly good halide vapor protective 
properties, oxygen permeability and electrical conductiv- 
ity, but requires high sintering temperatures. In both 

25 calcium or cobalt doped yttrium chromite, x or y in formula 
(I) can be zero, i.e., useful material for the interlayer 
also includes those materials having the chemical formula: 
Y. Ca CrO., where x = from 0.0005 to 0.5, and 

A, — ?C X o 

YCr^^yCOyOg/ where y = from 0.0005 to 0.5, where, of 
.3-0. these two, the cobalt composition is preferred. 

By adding cobalt to calcium as a dopant, to 
provide a double doped yttrium chromite, excellent oxygen 
permeability is achieved as well as an excellent match of 
thermal expansion characteristics over the desired tempera- 
35 ture range of 25°C to 1000°C. A better sinterability is 
also achieved by using cobalt, as well as an improvement in 
electrical conductivity i.e., lower resistivity. It is the 
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interaction of both calcium and cobalt together, as dopants 
in yttrium chromite, that provides optimum properties and a 
maximum halide vapor protective interface, minimizing 
deleterious interactions between halide vapors and the 
degrading of the air electrode at temperatures over 1000°C, 
during subsequent vapor deposition of electrolyte and 
interconnection layers . 

The invention should not be considered as limited 
to the specific preferred protective interlayer composi- 
tions described previously. The invention should be 
considered to include a solid, doped, yttrium chromite 
material which is electrically conductive, i.e., has a 
resistivity below about 0,3 ohm-cm at 1000°C, which is 
oxygen permeable, and which is protective from hot metal 
halide vapors which from the solid electrolyte at tempera- 
tures over about lOOO^C, which vapors are highly reactive 
with electrode materials. The interlayer should also 
approximate the thermal expansion characteristics of the 
electrode and electrolyte between which it is disposed, 
i.e., have an average thermal expansion over the range of 
25^C to 1000^*0 of from about 8xl0"^ M/M^C to about 13xlO"^ 
M/M*^C. The preferred yttrium chromite materials of this 
invention are those doped with cobalt and those doped with 
both cobalt and calcium. 

Generally surrounding the outer periphery of the 
interlayer 28 is a layer of gas-tight solid electrolyte 30, 
generally comprised of yttria stabilized zirconia about 1 
micron to about 100 microns thick, for the exemplary cell. 
The electrolyte 30 can be deposited onto the interlayer by 
well known high temperature vapor deposition techniques. 
However, a selected radial segment 32 of the interlayer 2S 
is, for example, masked during electrolyte deposition, and 
a layer of an interconnect material 34 is deposited on this 
segment 32. 

The interconnect material 34, which preferably 
extends the active length of each elongated cell 12, must 
be electrically conductive in both an oxidant and fuel 
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environment. Accordingly, the exemplary cell includes a 
gas-tight interconnection 34 approximately the same thick- 
ness as the electrolyte, about 5 microns to about 100 
microns. The preferred interconnection material is lantha- 
5 num chromite doped with calcium, strontium or magnesium. 

Substantially surrounding the solid electrolyte 
30 is a second porous electrode, for example, a nickel- 
zirconia or cobalt zirconia cermet fuel electrode, as anode 
36. As shown the anode 36 is also discontinuous, being 

10 spaced from the interconnection 34 a distance sufficient to 
avoid direct electrical communication between the anode 36 
and both the interconnection 34 and the cathode 27. The 
exemplary anode 36 is about 100 microns thick. 

Deposited over the interconnection 34 is a layer 

15 38 which is preferably comprised of the same material as 
the fuel anode 36, nickel or cobalt zirconia cermet, and of 
the same thickness, about 100 microns. 

Fig. 2 shows the series interconnection between 
consecutive fuel cells 12. The electrical interconnection 

20 is preferably enhanced by a metal felt 40, made, for 
example, of nickel fibers. The felt extends axially 
between the annular cells 12, and is bonded to each by 
pressure contact which causes sinter bonding during opera- 
tion. In the inverted cell structure, where fuel flows 

25 inside of the cells, the felt material is made from con- 
ducting oxide fibers, such as doped 1^203 or others. 

During operation, air, or flows through the 

center of the annular cells 12, and fuel passes over the 
exterior. Oxygen molecules diffuse through the porous 

30. support .26, cathode 27,. and .interlayer 28. Fuel diffuses 
through the anode 36. Oxygen ions pass through the elec- 
trolyte 30. These reactants electrochemically interact via 
the actions of the electrolyte and electrodes in generating 
products such as water vapor and carbon dioxide, as well as 

35 heat and electrical energy. The high temperature water 
vapor and carbon dioxide are carried away from the cell 
with, for example, unburned fuel, and electrical power is 
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transferred in series from the inner cathode 27 of one cell 
to the outer anode 36 of the next cell. The electrical 
power is usefully drawn through leads not shown. 

In the vapor deposition of electrolyte or inter- 
5 connect materials, metal halides react with oxygen which 
diffuses through the growing deposit. This oxygen comes 
from or H^O gases that are fed into the center of the 

cell, while metal halide vapors surround the outer side of 
the cell tube. Besides the injected metal halides, free 

10 chlorine or hydrogen chloride can be produced in the 
reactions, which take place at or over lOOO^C. These 
halide vapors are very reactive and will attack air elec- 
trodes, such as those containing lanthanum, manganese and 
strontium. The protective interlayer described herein 

15 alleviates such degradation, and additional long term 
diffusion of metal ions, such as manganese, from the air 
electrode to the electrolyte. It is to be understood that 
the halides also attack the doped yttrium chromite inter- 
layer, however, the resulting reaction products, such as 

20 yttrium chloride and chromium chloride do not interfere 
with the electrolyte interface in any harmful way. The 
doped yttrium chromite is a protective layer, in the sense 
that it reacts with the halide vapors instead of the air 
electrode material, such as doped lanthanum manganite, 

25 reacting with the vapors. 

In the method of this invention, a porous calcia 
stabilized zirconia support tube, having, for example, a 
1.5 millimeter wall and a 13 millimeter outside diameter, 
is covered with 1 millimeter thickness of air electrode 

30 material, for example, doped lanthanum manganite. A 0.5 
millimeter layer of, for example, calcium and cobalt doped 
yttrium chromite is then applied, using, for example a 
slurry spraying technique. The tube containing the double 
doped yttrium chromite layers is then heated in air at 

35 about 1200°C to 16Q0°C for about 3 hours to 1 hour, to form 
a sintered chromite layer integrally bonded to the air 
electrode. The chromite layer is then masked over the 
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radial segment where the interconnect is to be deposited 
later. The electrolyte is then applied by vapor deposition 
of metal oxides from gaseous YCl^ and ZrCl^, at about 
1200 °C. After demasking the radial segment, the intercon- 
5 nect material is applied over the doped yttrium chromite 
layer by vapor deposition^ using chloride vapors of chromi- 
um, lanthanum, and magnesium. Finally the fuel electrode 
is applied over the electrolyte. Here the double ' doped 
yttrium chromite acts as a sacrificial, halide vapor 

10 protective interlayer between the air electrode, the 
interconnection, and electrolyte materials during their 
deposition at high temperatures . 

The invention will now be illustrated with 
reference to the following Examples: 

15 EXAMPLE 1 

To investigate the bulk properties of various 
intermediate layer oxides, the component oxides were 
ground, mixed, pressed in a steel die, at about 5,000 psi, 
and then sintered on platinum foil in an oven at from 

20 1300°C to 1600*^C, to form l"x0 . 25"x0 . 25" bars having sample 
compositions 1 through 6 described further in Table 1. The 
density was determined, four terminal resistance measure- 
ments taken, and thermal expansion measured using a dilato- 
meter method. The results are shown below in Table 1 where 

25 Sample 6 is a support tube sample: 
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As can be seen. Sample 1 (no cobalt) has a much 
lower thermal expansion than Sample 6 (a typical support 
tube material for a high temperature fuel cell) and a low 
density. Resistivity is also relatively high. Adequate 
5 sintering was found to take a relatively long time period. 
Preferred double doped Samples 2 through 4 provided excel- 
lent low resistivity values, and high densities, along with 
good temperature-time sintering parameters. Sample 3 
showed excellent thermal expansion matching characteristics 

10 to the support tube sample 6. Sample 5 (no calcium) showed 
relatively high resistivity values, less conductivity than 
Samples 2 through 4, good density but relatively high 
sintering temperatures. All of the Samples 1 through 5 
show good oxygen molecule permeability and are considered 

15 useful interlayer materials, 

EXAMPLE 2 

An interlayer having the composition of Sample 1 
of TABLE 1 of EXAMPLE 1 and a thickness of about 0.025 
millimeter was slurry spray deposited onto a doped lantha- 

20 num manganite air electrode which was deposited onto a 
calcia stabilized zirconia support tube. The 30% porous 
support had a 13 millimeter outside diameter and was 
covered with the La^ gSrQ ^MnO^ air electrode, which was 
about 1 millimeter thick. This layered tube was sintered 

25 at 1400°C for about 1 hour. Yttrium stabilized zirconia 
electrolyte was vapor deposited onto the Yq gCa^ .j^CrO^ 
layer at about 1200°C, in the form of halide vapors, 
followed by fuel electrode application, to provide a 
tubular fuel cell. This fuel cell was compared for stabil- 

30.- ity at 1000°C with a similar fuel cell using no chromite . 
interlayer between the air electrode and the interconnect 
or electrolyte. The fuel cell having the Y^ gCa^ iC:r02 
interlayer showed better performance and stability at 
operating conditions, attributable to less air electrode 

35 attack during electrolyte vapor deposition. Oxygen permea- 
bility was not inhibited by the presence of the interlayer. 
Interlayers containing cobalt and calcium dopants, as in 
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Samples 2 through 4 of the TABLE of EXAMPLE 1, would 
provide even better operation of the fuel cell over long 
operating times. 
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CLAIMS : 

1. A high temperature, solid electrolyte elec- 
trochemical cell having two electrodes with solid electro- 
lyte therebetween,' where the electrolyte is formed by metal 
halide vapor deposition at temperatures over 1000*»C, and 
said hot metal halide vapors are capable of degrading the 
electrode materials, characterized in that a solid, oxide 
interlayer material, which is electrically conductive and 
oxygen permeable, is disposed between at least one of the 
electrodes and the electrolyte, to protect the electrode 
from degradation by the hot metal halide vapors. 

2. A cell according to claim 1, characterized in- 
that the coefficient of thermal expansion of the interlayer 
material approximates that of the electrode and electrolyte 
between which it is disposed. 

3. A cell according to claim 1 or 2, character- 
ized in that the interlayer material is calcium- and/or 
cobalt-doped yttrium chromite. 

4. A cell, according to claims 1, 2 or 3, 
characterized iii that said cell has inner and outer annular 
electrodes >^ith solid electrolyte therebetween. 

5. A cell according to claim 1, 2, 3 or 4, 
characterized in that the interlayer material has the 
chemical formula ^2-xP^x^^l-y^°Y°2' ^1^®^®' ^ = 0.005 
to 0.5 and y = from 0.005 to 0.5. 

6. A high temperature, solid electrolyte elec- 
trochemical cell characterized by: a porous support, a 
first electrode disposed on the support, an interlayer 
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material of calcium- and/or cobalt-doped yttrium chromite 
disposed onto the first electrode, a solid electrolyte 
disposed on the interlayer and separated from the first 
electrode by the interlayer, and a second electrode dis- 
posed on the solid electrolyte. 

7. A cell according to claim 6, characterized in 
that the interlayer material has the chemical formula 
Y^.j^Ca^Cr^^yCOyO^ , where, x = from 0.005 to 0.5 and y = 
from 0.005 to 0.5. 

8. A cell according to claim 6 or 1 , character- 
ized in that the support is comprised of calcia stabilized 
zirconia, the first electrode is comprised of doped and 
undoped oxides or mixtures of oxides, the electrolyte is 
comprised of stabilized zirconia, and the second electrode 
is nickel zirconia cermet or cobalt zirconia cermet. 

9. A method of making a high temperature, solid 
electrolyte electrochemical cell characterized by applying 
a first electrode, which is subject to degradation by hot 
metal halide vapors, to a porous support, applying an 
electrical ly conductive , oxygen permeable interlayer 
material on the first electrode, to protect the first 
electrode from degradation by hot metal halide vapors, 
contacting the interlayer material with hot metal halide 
vapors, to form a metal oxide solid electrolyte layer over 
the interlayer material, and applying a second electrode 
over the solid electrolyte, 

10. A method according to claim 9, characterized 
in that the interlayer material is of calcium-and/or 
cobalt-doped yttrium chromite. 

11. A method according to claim 9 or 10, char- 
acterized in that the interlayer material has the chemical 
formula ^^^^^^^^^^^o^O^, where, x = from 0.005 to 0.5 y = 
from 0.005 to 0.5. 

12. A method according to claim 9, 10 or 11, 
characterized in that the support is a tube comprised of 
calcia-stabilized zirconia, the first electrode is com- 
prised of doped and undoped oxides or mixtures of oxides. 
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the solid electrolyte is comprised of stabilized zirconia, 
and the second electrode is of nickel zirconia cermet or 
cobalt zirconia cermet. 

13 . A doped yttrium chromite composition char- 
acterized in that said composition consists of a chromite 
having the chemical formula ^i-x^^x^^l-y^^^y^S ' where 
X = 0.005 to 0.5 and y = 0.005 to 0.5, a chromite having 
the chemical formula YCr-, Co , where x = 0.005 to 0.5 
and y = 0.005 to 0.5. 
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